Background The use of TKAs in young patients is increasing. Demographic characteristics and activity levels among this patient group may affect implant selection, performance, and survivorship. Patient age (B 55 years) and preoperative diagnosis have been used to define this patient group, with the presumption that these patients are more active than older patients with similar indications for TKA. Questions/purposes We questioned whether (1) demographic features of young patients support high activity expectations after TKA, and (2) preoperative or postoperative functional activity measures support projections that young patients are active after TKA. Methods We retrospectively compared demographic characteristics (gender, BMI, diagnosis) and functional activity profile (as determined by preoperative and postoperative UCLA activity score and functional subscores of The Knee Society and WOMAC instruments) for 150 patients 55 years old or younger (181 TKAs) and 262 patients who were between 65 to 75 years old (314 TKAs) at the time of surgery. Results Younger patients having TKAs were significantly more likely than older patients to be female (74% versus 60%, p \ 0.001) and to have diagnoses other than osteoarthritis (18% versus 3%, p \ 0.001). BMI was significantly greater among younger female patients than among other age and gender combinations (35 kg/m 2 versus 31 kg/m 2 , p \ 0.001). Male patients had higher mean postoperative UCLA activity scores (5.5 versus 4.4, p \ 0.001), Knee Society function subscores (80.2 versus 66.4, p \ 0.001), and WOMAC function subscores (82.8 versus 74.2, p \ 0.01) compared with female patients, but these were not different in older versus younger patients. Conclusions Sustained high activity levels are not likely to be a principal cause of revision TKAs among younger patients when considering age and diagnosis alone. Determining the effect of activity on survivorship of prosthetic designs and techniques should be based on measured functional activity instead of using age and diagnosis as surrogates for activity. Level of Evidence Level III, therapeutic study. See the Instructions for Authors for a complete description of levels of evidence.
Introduction
More than 600,000 TKAs are performed each year in the United States, including more than 70,000 performed for patients 55 years old or younger. Patients between 45 to 55 years old have been identified as the most rapidly growing age-defined subpopulation undergoing total knee Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
replacement during the past decade [21] . Although reported clinical and functional scores among younger patients undergoing TKAs generally are satisfactory, TKAs for this patient group have been associated with higher revision rates when compared with rates in regional and national registries for patients older than 65 years [13-15, 26, 28, 33] . Specific factors associated with an increased risk of revision surgery include male sex, unicompartmental arthroplasty, and the use of cementless fixation [3] [4] [5] . Surgeons and investigators may attribute failures among younger patients to the effects of higher activity levels sustained over a longer time; however, studies have not agreed that the causes of failure among younger patients are related to wear, suggesting that the supposed relationship of youth, high activity, and wearrelated failure may not be so direct [3, 20, 25, 31] .
Even so, younger patients have been considered a unique patient cohort, and a preponderance of studies have used age as a surrogate for activity level, generally that increased activity levels may contribute to higher incidence of failure [5, 8-10, 12, 19, 27, 30, 32, 34] . Defining activity levels among young patients is difficult to determine from the current literature owing to the inclusion of heterogenous patients with respect to preoperative diagnosis [15, 17, 19, 23, 24] and nonuniform age definition of young patients. The majority of studies have accepted a chronologic age of 55 years [5, 7, 9, 10, 12, 13, 19, 27, 30, 32, 34, 35] , but others have reported using other increments: 40 years [22, 24] , 45 years [6] , 50 years [16, 18, 24] , and 60 years [14, 26] . Furthermore, activity level generally has not been compared between younger and older patient groups to validate the assumption that younger patients will be more active.
Therefore, we assessed the (1) demographic characteristics and (2) activity level profile (as determined by the UCLA score [1] and the functional subscores of The Knee Society [11] and WOMAC instruments [2] before and after TKAs in younger (B 55 years old) and older (65-75 years) patients treated at a large, urban, academic teaching hospital. The purposes of the study were to assess: (1) whether demographic features of younger patients who have had TKAs support high activity expectations after TKA, and (2) whether preoperative or postoperative functional activity measures support projections that these younger patients are active after surgery.
Patients and Methods
After obtaining institutional review board approval, we retrospectively assessed institutional joint repository data for all patients who had a TKA performed between January 2000 and December 2009 and had returned for followup at a minimum of 12 months after their TKA. Our review identified 150 patients 55 years or younger (181 TKAs) with a mean followup of 36 months (range, 12-118 months) and 262 patients between 65 to 75 years old (314 TKAs) with a mean followup of 31 months (range, 12-110 months). During the observation period, 324 TKAs were performed for 263 patients 55 years or younger and 615 TKAs were performed for 505 patients who were between 65 to 75 years old at the time of their surgery. Therefore, the study population represented 57% of younger patients and 52% of older patients who had a TKA during the study period. None of the included patients had undergone revision TKA. The surgeons at our institution independently indicate patients for arthroplasty, but general guidelines for surgery include the presence of advanced clinical symptoms including pain with or without stiffness, malalignment or mechanical symptoms, advanced radiographic disease, and failure of appropriate nonoperative treatment measures. Before 2010, patients were not excluded from surgical intervention based on BMI, hemoglobin A1C level, or other potentially modifiable parameters. Implant selection reflected surgeon preference and showed similar distributions between the younger patients (53% posterior stabilized, 30% cruciate retaining, 16% medial pivot, 1% constrained condylar) and the older patients (50% posterior stabilized, 32% cruciate retaining, 16% medial pivot, and 2% constrained condylar). Demographic information including age, sex, BMI, and surgical diagnosis was obtained from the data repository. Preoperative activity level was determined from patient self-assessment surveys that included the UCLA activity scale [1] . Functional measures were extracted from The Knee Society [11] and WOMAC [2] instruments. All preoperative assessments were obtained within 6 months before the TKA. Postoperative UCLA activity scores, Knee Society function subscores, and WOMAC physical function subscores were obtained at elective followups that occurred at a minimum of 12 months after surgery (range, 12-118 months). When multiple followups were identified for an individual patient, the latest available followup was selected. To create a categorical distribution of activity, the UCLA activity scale was subclassified into different levels: sedentary (1-2), mildly active (3) (4) , moderately active (5-7), and highly active (8) (9) (10) . Patients in younger and older age groups were stratified based on sex to assess the relationship of gender on activity before or after surgery. Statistical analysis was accomplished using a two-tailed Student's t-test for continuous variables and either the chi-square or Fisher's exact test for categorical variables.
Results

Comparing Demographics Between Younger and Older Patients
The predominant indication for TKA among the younger patient group was osteoarthritis (79%) with inflammatory arthropathy (10.0%), osteonecrosis (7.7%), and posttraumatic arthritis (3.3%) contributing discrete minority groups. The indications for TKA among patients 65 to 75 years old included osteoarthritis (95%), followed by inflammatory arthropathy (3%) and posttraumatic arthritis (2%). Similar proportions of patients had either staged bilateral or simultaneous bilateral TKAs in the younger and older groups (17.1% versus 16.5%, p = 0.90). Women predominated both groups, but the percentage of female patients in the young patient group was significantly higher (74% versus 60%, p \ 0.0001). The mean age of the patients at surgery was similar for male and female patients in the younger-age group (48.2 versus 49.3 years) and in the older-age group (70.2 versus 69.8 years.) Mean BMI was lower among men than women (31 versus 33 kg/m 2 , p \ 0.001) and highest among women 55 years or younger (35 kg/m 2 , p \ 0.001). Using WHO criteria for obesity [36] , there were significantly more morbidly obese patients (BMI [ 40 kg/m 2 ) in the younger patient group compared with the older patient group (27% versus 9%, p \ 0.001). Heavier patients were less active before surgery; among younger patients undergoing TKAs with a UCLA score greater than 5, the mean BMI was 31 kg/m 2 (range, 18.8-50.7 kg/m 2 ), whereas among patients with a UCLA activity score of 4 or less, the mean BMI was 35 kg/m 2 (range, 15.0-76.3 kg/m 2 ; p \ 0.001). Among older patients with a UCLA score greater than 5, the mean BMI was 30.6 (range 21.6 -44.9), whereas among patients with a UCLA activity score of 4 or less, the mean BMI was 31.5 (range 13.8-54.5, p = 0.22) ( Table 1 ).
Comparing Activity Level and Function Between Younger and Older Patients
Before surgery, more patients 55 years or younger were either sedentary or mildly active compared with patients older than 65 years (87% versus 77%, p \ 0.01). Only 13% of patients 55 years or younger reported being moderately or highly active before their TKA compared with 23% of patients who were 65 to 75 years old (p \ 0.001) ( Fig. 1 ) Although the majority of younger patients (57%) and older patients (65%) experienced an increase in UCLA activity level after TKA, a substantial percentage of patients in both groups (29% of younger and 23% of older patients undergoing TKA) did not increase activity level, and 14% of patients in both groups experienced a decline in activity in an average of 33 months after TKA. The majority of patients in the younger and older TKA groups remained either sedentary or mildly active (56% versus 52%, p = 0.35) with only 10% of patients 55 years old or younger and 12% of patients 65 to75 years old returning to regular recreational or competitive athletic activity (Fig. 2) . Although mean values for all three functional activity measures increased after surgery for male and female patients in both age groups, absolute mean postoperative values for each functional measure were clinically and statistically higher for male patients: UCLA activity score (5.5 versus 4.4, p \ 0.001), Knee Society function subscore (80.2 versus 66.4, p \ 0.001), and WOMAC function subscore (82.8 versus 74.2, p \ 0.01) ( Table 2 ). When considering the combined effects of age and gender, the only clinical or statistically significant differences were the findings of higher functional activity subscores in older female versus younger female patients for The Knee Society (66 versus 60 points, p = 0.03) and WOMAC (79 versus 68 points, p \ 0.001) function scores ( Table 2) .
Although the presence of diagnoses other than osteoarthritis were more prevalent in the younger patients and may contribute to longer-term differences in implant performance, there were no differences in activity level when compared with age-and gender-matched patients with osteoarthritis. Diagnoses of osteonecrosis and inflammatory arthritis contributed to lower preoperative UCLA activity scores when compared with a diagnosis of osteoarthritis (2.6 versus 3.3, p \ 0.003), but postoperative UCLA activity levels were clinically and statistically equal (4.7 versus 4.8, p = 0.80), indicating greater postoperative improvement in activity level for patients with these diagnoses compared with other young patients with osteoarthritis undergoing TKAs.
Discussion
The use of TKA has increased substantially during the past two decades, particularly among younger patients [1, 3] . Considerations regarding patient optimization, implant selection, surgical technique, and perioperative management are uniquely relevant for this patient group because their longevity will likely exceed the durability of contemporary prosthetic implants. Several studies have identified increased rates of revision surgery in this younger patient group [1, 3, 5] . We therefore sought to compare the (1) demographics and (2) activity level profile (as determined by the UCLA score and the functional subscores of The Knee Society and WOMAC) before and after TKAs in younger (55 years or younger) and older (65 to 75 years) patients treated at a large, urban, academic teaching hospital.
There are several notable limitations of this study. We did not specifically address for concurrent musculoskeletal disease that may have affected activity levels in either group. Although we generally would anticipate a higher prevalence of systemic disease among older patients, we did not specifically address this consideration and this could influence study findings. While the proportion of patients with staged or simultaneous TKAs was similar in each group, we did not address the potential affect of differences in timing of bilateral procedures and whether this may have had any affect on functional activity measurements. Use of scores available at the latest followup potentially could reduce functional activity measures and create lower estimations of patient activity. However, these differences also would be expected to be most substantial among older patients, who were, on average, 21 years older than the younger patients at the time of surgery. The minimum followup also is shorter than ideal for assessing potential effects related to a minority of implants that might be failing. However, as the purpose of this study was attempting to address functional activity levels rather than implant survivorship, the 12 month minimum followup was accepted as an adequate time for functional activity to recover to a predisease or presurgical baseline. In a previous study [4] , there were challenges reported in having adequate patient followup between the first and second postoperative years and followup in the current study reflects rates for clinical care among patients in our institution. Although the overall proportion of patients who returned for followup was similar in both groups, a relatively large number of patients had not returned at or beyond the 12-month postoperative followup, and this may result in exclusion of patients who were either more or less active than the study population. Younger patients generally are perceived to have the potential for higher levels of activity after TKA. Our study findings suggest that the younger cohort generally is characterized by female sex, obesity, and low activity levels before and after TKA. Although inflammatory arthritis and osteonecrosis are minority diagnoses, they were six times more common in the younger patients than among older patients. While differences in postoperative activity were not specifically noted in our study, these patients likely represent a unique subpopulation that is less likely to sustain high activity levels with time. In addition, one in four younger patients in our study was morbidly obese, which is three times more common than the rate among older patients. Considering the demographic characteristics noted in our study, long-term failure from bearing surface wear and osteolysis may have a less significant affect for the majority of younger patients undergoing TKA. Assessment of the literature on TKA in a younger patient population is limited by the heterogeneity of patient indications in early studies that incorporated patients with osteoarthritis and inflammatory arthritis [6, 10, 12, 27, 33] . Studies have not substantially delineated demographic features of this patient group with age and diagnosis predominantly used as surrogates for activity level. Obesity may have a significant affect on the risk of revision surgery in the younger patient population including increased risks for infection [17, 23] and component malposition [26, 29] which could predispose some loweractivity patients to early failure.
Functional activity scores increased for all patients, regardless of age and gender. However, the younger group had a high proportion of patients who were substantially less active before surgery, and there were less than 10% of younger patients who attained a highly active status after TKA. The younger patient group was characterized by heavier patients who were less active before and after surgery, but male patients were significantly more active than female patients before and after TKA. Although the literature on younger patients undergoing TKAs has not stratified outcomes relative to activity level, two studies focused on very young patients with a greater potential for return to higher levels of activity. Lonner et al. [22] reported improved mean Knee Society clinical scores (47 to 88 points) but modestly improved mean functional scores (45 to 70 points) for 32 patients (32 TKAs) in this subpopulation. Mont et al. [24] reported substantially improved clinical and functional scores for 33 patients (38 TKAs), but additional procedures, especially closed manipulation for knee stiffness (24%), were commonly required in the treatment of these younger patients. Their implant survival rate was 97% although this was at a limited followup of less than 5 years [24] . A TKA is an effective procedure for improving pain and function. The durability of a TKA in younger patients may be affected by elevated activity levels or by other factors that may affect joint mechanics or biologic responses around prosthetic joint replacements. Although activity level and functional scores increase for the majority of patients, these increases are not substantially greater for younger patients than for older patients.
Enhancements in implant designs that are intended to allow greater durability under high activity levels may have an effect for as few as 10% to 15% of all patients undergoing TKAs. Sustained high activity levels are not likely to be a principal cause of revision TKAs among younger patients when considering age and diagnosis alone. Determining the effect of activity on survivorship of prosthetic designs and techniques should be based on measured patient function levels instead of using age as a surrogate for activity.
